Abstract. The generalized dynamical theory of thermo-elasticity proposed by Green and Lindsay is applied to study the propagation of harmonically time-dependent thermo-viscoelastic plane waves of assigned frequency in an infinite visco-elastic solid of Kelvin-Voigt type, when the entire medium rotates with a uniform angular velocity. A more general dispersion equation is deduced to determine the effects of rotation, visco-elasticity, and relaxation time on the phase-velocity of the coupled waves. The solutions for the phase velocity and attenuation coefficient are obtained for small thermo-elastic couplings by the perturbation technique. Taking an appropriate material, the numerical values of the phase velocity of the waves are computed and the results are shown graphically to illustrate the problem.
relaxation time on plane waves in generalized thermoelasticity. Roychoudhuri and Debnath [11] studied magnetoelastic plane wave in a rotating medium too.
In the present paper, the linearized theory of Green and Lindsay having two relaxation times is applied to study the propagation of harmonically time-dependent thermo-visco-elastic plane waves of assigned frequency in an infinite rotating viscoelastic solid of Kelvin-Voigt type. Using the perturbation technique, a dispersion relation for small thermoelastic coupling is obtained to determine the effects of rotation and relaxation times on the phase velocity of the waves in a visco-elastic medium. Numerical values of the wave speeds at various frequencies are computed for an appropriate material and are presented graphically for the purpose of illustration.
Formulation of the problem.
We consider an infinite isotropic homogeneous visco-elastic solid Kelvin-Voigt type which is rotating uniformly with an angular velocity Ω. The basic field equations in the temperature-rate dependent theory of Green and Lindsay follow (in usual notations).
(i) The stress equations of motion in a rotating medium in the absence of body forces are [12] 
where
(ii) The heat conduction equation is
3. Plane wave solutions and dispersion relation. We consider the waves propagating in the x-direction and all the field variables are assumed to be functions of x and time t only. We assume that u = (u, v, w) and Ω = (0, 0, Ω), where Ω is a constant. Equation (2.1) with equation (2.2) then reduces to
3)
The nondimensional forms of equations (3.1), (3.2), (3.3), and (2.3) are obtained aṡ 
κ .
/κ are taken as the units of time, length, displacement, temperature, and rotation, respectively. Primes denote the differentiation with respect to x and dots denote time differentiation. Equations (3.4), (3.5) , and (3.6) form a coupled system and represent coupled visco-thermal-dilatational and shear waves, while equation (3.7) uncouples from the system. This coupling disappears when Ω = 0. Thus, the thermal field affects the dilatational and shear motion due to rotation.
Dispersion equation for the system.
For harmonic solutions of the equations (3.4), (3.5), and (3.6), we choose
where u 0 , v 0 , θ 0 are amplitude constants, ω is the prescribed frequency, q is the wave number, in general complex. The phase velocity c and the attenuation coefficients a are then given by
Substituting (4.1) into (3.4), (3.5), and (3.6), we obtain
For the nontrivial solutions for u 0 , v 0 , θ 0 , the dispersion equation of the coupled wave is obtained from (4.3) as
In case Ω = 0, the dispersion equation (4.5) reduces to
On setting M = 0 = N, equations (4.5) and (4.6) agree with [9, equations (3.7) and (3.8)], respectively. Equation (4.5) is therefore a more general dispersion equation in the sense that it incorporates the visco-elastic effect as well as the effects of rotation and relaxation parameters on the propagation of coupled waves. This wave may be called the quasi-visco-elastic-thermal-dilatational-shear wave.
5. Perturbation solution for small θ . To obtain the perturbation solution of the dispersion equation for small values of θ , we first put θ = 0 in (4.5) to obtain the following solutions:
Next, let us write q 2 in the following forms:
Substituting into equation (4.5), comparing the lowest power of θ , and neglecting the terms of 0( 2 θ ), we obtain
On putting M = 0 = N, the results (5.2), (5.4), and (5.5) are in agreement with the corresponding results of [9] .
Determination of wave speeds and attenuation coefficients.
From the above solutions, we can observe that the dilatational, shear, and thermal waves propagate in the visco-elastic medium, and these waves are affected by the thermo-visco-elastic coupling coefficient θ . Now we find out the wave speed and the attenuation coefficients of the waves for small θ .
I. Quasi-visco-thermal wave. Separating real and imaginary parts, we get from (5.6), for small θ ,
2)
Therefore, the thermal wave speed c θ = ω \ Re(q θ ) and the attenuation coefficient a θ = −Im(q θ ), where Re(q θ ) and Im(q θ ) are obtained above.
II. Quasi-visco-dilatational wave. Using (5.2) from (5.4) for small θ , the quasi-visco-elastic dilatational wave speed c e = ω \ Re(q u ) and the attenuation coefficient a e = −Im(q u ), where
III. Quasi-visco-shear wave. Using (5.2), we get from (5.5) for small θ , the quasivisco-shear wave speed c S = ω/ Re(q v ) and the attenuation coefficient a S = −Im(q v ), where
8) We take Ω = 0.1. The numerical computations of the quasi-visco-dilatational wave speed, the quasi-visco-shear wave speed, and the quasi-visco-thermal wave speed for small values of θ are done with the help of a PC and the corresponding graphs are plotted. Acknowledgement. The authors would like to offer grateful thanks to the Council of Scientific and Industrial Research (CSIR, India) for full financial support.
